A simple and effective method for anaesthetising germ-free rabbits and rats for the collection of heart-blood samples is described. The anaesthetic agent, a mixture of 2 or 4 per cent halothane in oxygen, was passed into the germ-free isolators through a tube sealed into the wall and fitted at each end with a high-efficiency gas line filter.
During studies concerning the immunological responses of germ-free rabbits and rats, it was necessary to collect samples of blood (2 ml) from all the animals in the experimental and control groups every 7 days. Each animal was anaesthetised with a 2 or 4 per cent halothane in oxygen mixture, and the blood collected by heart puncture.
The rats were first bled when they reached 150 g bodyweight and the rabbits when they were 6-8 weeks old. Each animal was bled 6-8 times, with an interval of 7 days between each bleeding. were used for all heart punctures.
After manufacture each syringe and needle is pre-packed and sterilized by gamma radiation (2.5 Mrad).
Both the syringes and needles received a further exposure of gamma radiation before they were introduced into the germ-free isolators. Preserving jars (4 lb size, 1.4 litre) were packed with syringes and needles and then heat-sealed in plastic film bags. Each of these packages .received a gamma radiation dose of 4.0 Mrad at the Package Irradiation Plant, Wantage Laboratory, Wantage, Berkshire.
On return to the germ-free laboratory, the jars were aseptically removed from the plastic bags and transferred to the germ-free isolators, via the germicidal tanks.
Halothane
Liquid halothane ('Fluothane', Imperial Chemical Industries Ltd, Millbank, London, S.W.I) was used. The vapour obtained by volatilisation is nonexplosive and non-flammable at the concentrations used for anaesthetic purposes.
Halothane vaporiser
A 'Fluotec Mark 2' apparatus was used (Cyprane Ltd, Keighly, Yorkshire). With this apparatus it is possible to obtain concentrations of halothane in oxygen ranging from 0.5 to 4.0 per cent with flow rates varying between 250 ml and 10 litres per minute.
Gas line filters
Gas line filters operating at a flow rate of 12litre/min were used (Foramaflow Ltd, The Parade, Frimley, Surrey). Each filter is prepared by sandwiching a layer of Grade I filter pap~r between 2 perforated stainless-steel plates. The formed sandwich is then positioned between a silicone-rubber sealant and 2 interlocked aluminium spinnings.
The type of paper used and the method of manufacture produces a robust filter which can be sterilized either by autoclaving, ethylene oxide gas or vapourised formalin.
It is claimed by the manufacturers that this type of filter when used at a gas flow rate of 12 litres/min has a penetration efficiency of 0.001 per cent when tested by the sodium flame method (BS 3298). We have tested a number of these filters when received from the suppliers and found that in all cases the efficiency was at least 10 times better than the claimed figure, viz: 0.0001 per cent.
A sodium flame penetration figure of 0.0001 per cent indicates a bacterial penetration (I j.!m) of less than 10-6 per cent; larger particles penetrate even less readily. Viral particles (0.1 j.!m and smaller) will also penetrate less readily than those of sodium chloride because they are buffeted randomly across flow lines by air molecules (Brownian movement) thus increasing their chances of touching a fibre of the filter material and being held back.
When a filter is used, as it was in these studies, at ith of its rated flow, viz: at 2 litre/min as opposed to 12 litre/min, the penetration of 1.0 j.!mparticles is reduced by a factor of 50. Additionally, when 2 filters are used in series, the penetration of a given particle size is further reduced.
The final efficiency of the filter system we used can be expressed as follows:
Changing percentage penetration into reduction factors (RF):
With 2 filters in series, the total RF is then:
(5 X 109) X (5 X 109) = 2.5 X 10 19
Expressed as percentage penetration, this is:
100
or 4 X 10-18 2.5 X 10 19 for 1 11m particles or particles of virus size
It will be seen from the above calculation that at a gas flow rate of 2 litre/min through 2 filters in series, there is only a remote possibility of bacterial penetration.
Assembly of apparatus
The aluminium type of germ-free animal isoliltors in use at Allington Farm has been previously described (Cook, Tuffrey & Barnes, 1968; Cook & Bishop, 1969) . A gas entry was provided to each of these units by argon welding a piece of aluminium tube (4 inch long, 1 inch internal diameter, ! inch external diameter-102 X 13 (i.d.) 19 (e.d.) mm) through the side of the isolator below the outlet filter. Rubber tubing (1 inch-19 mm-inside diameter) was then used to link together the various pieces of apparatus attached to each end of the gas entry tube.
A gas line filter was secured by 'Jubilee' clips (L. Robinson & Co. Ltd, London Chambers, Gillingham, Kent) to each end of the aluminium tube.
The filter inside the isolator was connected to a stainless-steel horseshoeshaped Y-piece.
One limb of the Y-piece was connected to a stainless-steel flat-based funnel (referred to below as the fixed funnel) mounted on an operating shelf positioned near the top of the isolator (Fig. 1) . The other limb of the Y-piece was connected to an unattached stainless-steel funnel (referred to below as the free funnel).
The filter outside the isolator was connected to the halothane vaporiser which was supplied .with gas from an oxygen cylinder fitted with a pressure-reducing valve and integral flow meter (Fig. 2) . Both filters were fixed to the isolator before it was sterilized but the various other components within the unit were assembled when sterilization was completed and the unit had cooled down. 
ANAESTHETISATION OF ANIMALS
When anaesthetic gas was required within an isolator the halothane vaporiser was attached to the outside filter and oxygen supplied to the vaporiser dial control positioned at 2. According to the data supplied by the manufacturer, this combination of gas flow rate and dial setting gives a gas mixture containing 2 per cent halothane. This was the arrangement almost always used to anaesthetise the rabbits and rats. Occasionally, when a more rapid induction or deeper anaesthesia was required, the same flow rate was maintained but the dial set at 4; this increased the concentration of halothane to 4 per cent.
When only 1 animal was to be bled, it was placed in an individual box and the halothane mixture was delivered via the free funnel, the tubing to the attached funnel being clamped so that all the available gas entered the box. After the animal became unconscious, it was removed from the box and placed on the operating shelf and kept anaesthetised by channeling all of the available gas mixture to the 'fixed' funnel.
When a number of animals in an isolator had to be bled, the same method was used but the clamp was discarded when all the animals became unconscious. Half of the available mixture then flowed through each funnel so that anaesthesia was maintained both in the box and in individual animals removed to the operating shelf for bleeding. Both methods resulted in a completely relaxed animal being presented for heart puncture.
The only difficulty experienced during the withdrawal of blood was that associated with the loss of tactile sensation due to the wearing of comparatively thick neoprene gauntlets.
As the anaesthetic gas was delivered by what was essentially an open-circuit method, any gas not inhaled by an animal escaped into the isolator. To minimise unnecessary inhalation of escaped gas by animals not required for bleeding, the box containing the animal to be anaesthetised was placed near the exhaust-air exit of the isolator. Similarly, while the blood sample was being taken, the operating shelf was positioned immediately adjacent to the air exit to afford the maximum opportunity for the anaesthetic gas to be entrained in the outgoing air. The isolators had an outlet airflow rate of approximately 60 litre/min, thus at anaesthetic gas flow rates of 2 or 4 litre/ min the maximum concentration ratios were 1:30 or 1:15. Although at these levels the smell of halothane could be detected on close inspection of the exhaust air, it was generally unnoticeable in the germ-free laboratory and the staff bleeding the animals were unaware of its presence.
Anaesthetised animals usually recovered consciousness soon after introduction of halothane ceased. Occasionally a rat was found dead after it had been bled. For example, in one experimental series where 92 heart punctures were carried out, 4 animals were found dead soon after the collection of blood. These animals were autopsied and the cause of death in all cases was found to be haemorrhage from the site of heart puncture, resulting in a fatal haemopericardium. The initial induction of anaesthesia whether as individuals or as groups was a little slower than when the same method without filters was employed on the open bench using animals removed from the isolators. This may have been caused by some of the halothane diffusing into the rubber tubing and/or filter components.
Anaesthesia was also found useful when excitable animals had to be transferred from one isolator to another in a sealed jar through the germicidal tanks. Light anaesthesia of these animals eliminated undue excitement, making it a simple matter to place them in the transfer jars and transfer them into the recipient isolator before they regained consciousness.
DISCUSSION
The method described for the anesthetisation of germ-free rabbits and rats was found safe and effective. Halothane-oxygen mixture can be quickly available within an isolator at any time merely by attaching the halothane vaporiser to the outer gas line filter.
All the animals were healthy subjects. The experimental groups were injected with non-viable antigenic materials and the controls only with diluent. Should the method be used with animals that are either sick or have been treated with drugs that predispose the subject to anaesthetic death, care would have to be exercised with this technique. This condition applies equally to animals not held in the germ-free state. Although no deep surgical interference of the animals was required or attempted, halothane has proved a satisfactory anaesthetic for surgical work in conventional animals and there seems no reason why it should not be used for operations on animals held in a germfree environment.
